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Abstract
Teaching design should be based upon a theoretical framework for design methodology. This
requires well a defined terminology and paradigms that can be put into practice in an educational
environment. This paper attempts to provide a possible answer to this problem.
Introduction
In this paper we will discuss a conceptual framework which might be used in order to
understand what designing actually means. This framework has been proven to be very useful
in setting up a teaching program in design for electrical engineering students. However, it
might very well be applied in other fields of engineering and even beyond. It will be
necessary to define a number of terms and introduce a paradigm for design methodology.
The ‘closed loop’ paradigm for design methodology
One of the main problems in discussing design and design education is the fact that the word
design may have different meanings. One possible definition is: a design is the resultant
product of a creative mind. However, this leads to a new problem viz.: what is meant with
product? Usually, we think of a product as something that can be 'touched'. However, a
computer program is called a product as well. Even a service nowadays is referred to as a
product. In order to make things clearer we will define a limited sense product as something
that can be touched. If we extend the range to ‘non touchables’ we will speak of wide sense
product. Products (either narrow or wide sense) can be defined as artefacts that
 are produced on the basis of a human creative process
 interact with the environment
 are directly or indirectly controlled by humans (with indirectly we mean e.g. controlled by
pre-programmed instructions).
Now that we have discussed the term product, we may return to our attempts to define the
term design. In areas like fashion a design is mostly the product itself. In engineering,
however, the design may be either the final product or a lay out, a blue print, a complete set of
drawings or sometimes even a sketch. Analogously to the discussion around the term product
we will use wide sense design for the first case and limited sense design for the latter case. To
be more precise: a narrow sense design becomes a wide sense design or product (wide sense)
if it is realised. We will come back to this later when the different phases in the design process
are discussed.
It is now time to turn to the design process itself. We introduce the feed back loop paradigm
of the design process as it is depicted in Figure 1.
We start with the world as the designer observes it: this is called the environment of the
designer. We assume that he is unhappy with the world as he observes it. Furthermore, we
assume that he has some idea how the world should look like or, in other words: he has an
ideal image of reality. By comparing the undesired state of the world (reality) and his ideal
image of the reality he identifies a problem. Consequently, he will create ‘something’ which,
in the end, will lead to a situation which, hopefully, is identical to his ideal image. In other
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words: it leads to the solution of the problem. The simple words leads to in fact comprise the
core of the wide sense design. At this stage it is important to note, that a product in itself
doesn’t solve a problem, which means that the mere product will never lead to the desired
reality. It is always man that will influence the world with the help of a product. We will come
back to the consequences of this statement.
Figure 1: The paradigm of the design process
We may now slightly modify and expand design process paradigm as depicted in Figure 2 and
leading to a possible definition of the design process:
designing is creating a product which, if properly used, leads to the solution of a problem.
In practice, the solution created according to this process will appear to be just a solution.
Engineers, however, are supposed to come up with the best solution. Introducing the word
best implies an optimisation procedure. This optimisation requires an iterative process and
this is exactly what happens. The designer mentally passes through the loop a number of times
until he arrives at the optimal design, which is consequently realised and put into practice in
the real world. Obviously, the term optimal only makes sense if criteria are defined: we come
back to this later.
We conclude this section with our final definition of the design process:
designing is creating a product which, if properly used, leads to the optimal solution of a
problem.
Figure 2: Design of a product as solution of a problem
The paradigm further explored.
In order to make this paradigm a practical one a number of issues have to be discussed. The
ideal image of reality is usually based on a wide range of aspects such as domain knowledge,
experience, political views, religion, literature, media etc. Observations can be either direct
(own observations, measurements) or indirect (observations of others, e.g. through literature,





















of a problem. Consequently, design rules have to be defined. These rules will be later referred
to as the requirements. A thorough problem analysis may lead to a number of possible
solutions, meeting the requirements. Obviously, the best solution has to be chosen, which
means, the design, that best meets the requirements. If the design is realised, we have a
product. As discussed previously, solving the problem means, that the world, after having
been ‘disposed to the product’ will show a better resemblance to the ideal image, then before.
Roles and players in the game
Up till now we have assumed, that there is only one person involved in the entire design
process. This is a course simplification of reality. Many people are involved in the process
such as clients, constructors, manufacturers, project managers etc. We will distinguish 3
important figures:
1. The designer (‘thinker’): he translates the problem into a design (narrow sense)
2. The constructor (‘maker’): he translates the design onto a product
3. The user (e.g. the one who had the problem): he ‘translates’ the world with the product,
such that the problem is solved.
The third person appears to be someone else than the designer.
We used the word translate a few times. This term needs some further discussion. We have
found that in the design process, it is important to answer four mutually dependent key
questions:
1. What is the problem? Answering this question leads to an analysis of the real world from
the viewpoint of the one who has the problem.
2. Who experiences the problem? This leads to one ore more persons, who experience the
problem (problem holder)
3. Why is it a problem? This question may help to identify the environment of the problem
holder.
4. What is the purpose of the solution? This question may help to identify the ideal images of
reality as they the problem holder envisages them.
We can now expand the list of people involved or, as they will be referred to: players of roles.
1. The problem holder(s):
- the person(s), who is(are) unsatisfied with his(their) present situation and therefore
having a problem.
- usually formulate(s) his(their) problem in terms of a solution
2. The client : either the problem holder(s) or their representative
3. The designer: delivers the design for the best solution
4. The constructor: realises the product according to the design
5. The user: usually the client(s), who uses the product to improve(s) his(their) situation
Additional roles are:
6. The usage manager: responsible for the usage of the product
7. The supporter: responsible for the maintenance of the product
8. The disposer: responsible for disposing or recycling of the product
Combinations of roles 5. up to and including 8. are possible.
We will see that different roles are active during different phases of the design process.
Implications for education
What has been discussed previously has been put into teaching practice in the so-called
Integrated Design Project (IDP) as it has been implemented in the Electrical Engineering
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curriculum of the Delft University of Technology [1]. This will be discussed in more detail in
a separate paper [2]. We will confine to the main results.
In Figure 3 the seven-phase model of the product life cycle is introduced as the students use it
in the IDP. The IDP is carried out by teams of two students and runs during the last quarter of
their third year.
In phase A students are stimulated to try to answer the four basic questions as discussed
previously. They have a client whose needs and wishes are to be investigated and translated
into a program of requirements; this takes place in phase B. Consequently, they develop some
designs (narrow sense), from which the optimal one is chosen (phase C). These three phases
form the first stage of the product life cycle which stage is in fact the narrow sense designing
process. Consequently, the product is realised in phase D and put into practice in phase E,
where it is delivered to the client.
Figure 3: The seven-phase model for the design according to the integrated product life cycle
In a ‘learning by doing setting, they become aware of the different roles that are involved in
the process. They learn how to iteratively arrive at design specifications, taking into account
all relevant aspects of production, maintenance and recycling of their tentative and final
product. They become aware of the fact that technology doesn't solve problems, but that the
client may solve his problem with the help of their artefact. This leads to the production of
user manuals. Similarly, the fact that production, maintenance and disposal or recycling is to
be taken into account, leads to the need for the writing of corresponding manuals or
documents.
Conclusion
We have introduced a paradigm for the design process. This paradigm is used to uniquely
define terms like design and product. Consequently the roles of different people involved in
the design process are distinguished. Finally it is shown that the paradigm can be translated
into an educational framework which has been put into practice in an engineering educational
setting.
A B C D E F G
requirements imposed by the disposal
requirements imposed by the operation 
requirements imposed by the production 
A: investigation of needs
B: specification of requirements
C: development of blueprints,
choice of final blueprint : design
D : elaborate blueprint (prototype)
E : production incl.  putting into use
F : use,  management ,  maintenance
G : disposal, recycling
STAGE 1 STAGE 3STAGE 2
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